Urinary albumin concentration (U-alb) and N-acetyl-P-D-glucosaminidase (U-NAG) and glomerular basement membrane antibodies (a-GBMs) in serum samples were measured in 77 chloralkali workers previously exposed to mercury (Hg) vapour and 53 age matched referents. The exposure ceased on average 12-3 (range 1-35) years before the study. The mean exposure time was 7-9 (range 1-1-36.2) years. The mean yearly urinary Hg concentration (U-Hg) was 531 nmol/l. The concentrations of the urinary isoenzymes NAG A (U-NAG A) and NAG B (U-NAG B) were determined in 30 highly exposed subjects and 30 referents. No differences in U-alb or U-NAG, U-NAG A, or U-NAG B were found between the groups. Higher concentrations of a-GBMs were found among subjects who stopped exposure a short time before the study, but there was no association between a-GBMs and U-alb. The U-NAG and U-NAG A were negatively correlated with storage time. The results may suggest that microalbuminuria and enzymuria reported in subjects with ongoing exposure to Hg vapour are reversible in most instances.
hydrogen are the main products from the process. Hence, exposure to chlorine and Hg vapour are potential hazards to the workers' health. A minor exposure to dusts of Hg-chlorine reaction products may also occur. ' Inorganic Hg compounds may cause renal damage among exposed subjects. 23 Case reports of glomerulonephritis and nephrotic syndrome have been presented,45 and an increased prevalence of proteinuria-9 has been found in cross sectional studies among exposed workers. Other authors have reported increased enzymuria indicating an effect on the renal tubules.'1'3 The reported effects have generally been small and the clinical significance of the findings is unclear.
Patients treated with Hg compounds may develop glomerulonephritis, which is usually of the immune complex type.'4 Studies carried out in rats have shown that HgCl2 can induce a glomerulonephritis, characterised initially by autoantibodies to the glomerular basement membrane (a-GBMs), changing later to an immune complex type nephritis. [15] [16] [17] An increased prevalence of circulating aGBMs of the antilaminin variety has been reported in male workers exposed to Hg vapour.' 8 Barregard et al'0 did not find any decrease in urinary N-acetyl-VD-glucosaminidase activity (U-NAG) among 15 chloralkali workers after an exposure free interval of 20 days. To our knowledge this is the only study concerning the reversibility of renal effects after cessation of exposure to Hg vapour.
The aim of the present study was to investigate the possible renal effects of previous exposure to Hg vapour among former chloralkali workers. Indicators of renal dysfunction were U-alb, U-NAG, and NAG, and the activities of NAG A (U-NAG A) and NAG B (U-NAG B) in a highly exposed subgroup. Also, a-GBMs in serum were determined.
The plant under investigation closed in 1987. This cross sectional study was carried out during 11 months of 1989 as a part of a comprehensive study on possible adverse health effects resulting from exposure to mercury vapour among former chloralkali workers.
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Material and methods

SUBJECTS
Details regarding the study design have been described elsewhere. '9 In summary, all male workers under 65 years of age exposed to Hg vapour for at least one year at the plant under study, who had delivered samples for the determination of urinary Hg concentration (U-Hg) in at least four quarters during their time of exposure, could be invited for participation. Of the 130 subjects who met these inclusion criteria, seven were dead, although none died because of renal diseases. Altogether 24 subjects were excluded, mainly due to solvent exposure (n=9) or alcohol abuse (n=6). No subjects were excluded due to renal diseases.
The participation rate was 82-5% (n=77) among the exposed subjects. There were no known cases of renal disease among the non-responders, who had a mean exposure time of 8 1 years.
The reference group comprised randomly selected men employed in nitrate fertiliser production in the same company, frequency matched for age. The participation rate among the referents, who had never been exposed to Hg compounds at work, was 86-3% (n=53).
The subjects under study have been described elsewhere.'9 The mean age of the exposed subjects and referents was 44-8 (range 24 The mean time of exposure to Hg vapour was 7 9 (range 1 1-36 2), years in the index group, and the exposure had ceased on average 12-3 (range 1-35) years before the study. Based on a long duration of exposure or high U-Hg during the time of work, a subgroup (n=30) among the highest exposed workers was selected for the determination of U-NAG A and U-NAG B. Their average duration of exposure was 11-5 years. These subjects were individually age matched (±1 year) with 30 referents. The mean age was 47-8 (range 31-3-64-8) years among the exposed subjects and 47 9 (range 32 0-63-7) years among the referents.
ASSESSMENT OF EXPOSURE
Details on the exposure to Hg and on the calculation of a cumulative U-Hg "dose" have been reported elsewhere. '9 In brief, biological monitoring of the workers by the determination of U-Hg in morning urine samples commenced in 1948, one year after the start of production. The U-Hg has been determined in more than 2300 samples among the 77 exposed study subjects. Based on these results, a cumulative U-Hg "dose" (cum U-Hg) was calculated for each exposed subject as the sum of the mean U-Hg in each year of employment.
The U-Hgs were not adjusted for urinary dilution until 1979 The U-alb was determined by nephelometry (Behring nephelometer analyser) after adding specific antibodies to human albumin (Dakopatts rabbit anti-human albumin No Q 328). Before the analysis of the thawed samples, 20 p1 of tween 20 was added to 1 ml of urine and the samples were incubated at 37°C for two hours. Human serum protein standards were used for calibration. The coefficient of variation (CV) for analyses of the same samples on consecutive days, was 4-8%.
The test for a-GBM was carried out with an enzyme linked immunosorbent assay (ELISA). The ELISA test was performed with the anti-goodpasture antigen rapid kits from BioCarb Diagnostics AB, Lund, Sweden, from the manufacturer's instructions. Serum samples from both exposed subjects and referents were tested on each ELISA plate. The results are given as optical density (OD)
x 1000. Also, IgG antibodies to GBM were detected by indirect immunofluorescence on pronase treated frozen sections of human cadaveric kidney blood group 0, with serum diluted 1:2. Only IgG antibodies were tested for immunofluorescence. Serum samples that were positive at the screening dilution were titrated to their end points. The immunofluorescence methods have been described in detail previously. 23 Due to the breakage of one tube containing serum, the a-GBMs were determined in 76 exposed subjects.
The urinary variables were determined on samples from two consecutive days to reduce the influence of the day to day variation in the urinary excretion of these compounds. The mean value of the two days was used in the analysis of the data. The urinary variables presented were corrected for urinary dilution, with urinary creatinine determined by the method of Jaffe.
STATISTICS
The distributions of U-alb, U-NAG, U-NAG A, U-NAG B, and a-GBM were skewed. Consequently, non-parametric (Mann-Whitney) test statistics were used for the intergroup comparisons. Spearman's rank correlation was applied when assessing the univariate relations between untransformed variables. For assessing the magnitude of the storage effect and dose-response relations, univariate least square regression analysis was applied after log transforming the dependent variables. This was also the case for the multiple linear regression analysis. Log transformation was done to achieve homoscedasticity, and the procedure also normalised the distributions. The level of significance was set at 5% (two tailed).
The X2 test was applied for categorical variables.
The level of significance was set at 5% (one tailed). The statistical calculations were performed on a personal computer with the statistical package BMDP PC-90.
Results Table 1 presents the distribution of the yearly mean cum U-Hg among the exposed subjects related to the number of years exposed. Thirty nine subjects had a mean U-Hg exceeding 400 nmol Hg/l/year. Eighty six per cent of the subjects (n=66) had at least once had a U-Hg peak exceeding 500 nmol Hg/l, whereas 36% (n = 28) exceeded 1500 nmol Hg/l at least once.
As the urine specimens were collected on two consecutive days, the relations between U-alb, U-NAG, U-NAG A, and U-NAG B excreted on the first day and the second day were assessed with Spearman's rank correlation on untransformed variables. The correlation coefficients were 0-71 (U-alb), 0-47 (U-NAG), 0-43 (U-NAG A), and 0-46 (U-NAG B) respectively. All correlation coef- ficients were statistically significant (p<0 001).
The laboratory analyses were all performed after the collection of the biological samples was completed. The effect of storage time on the urinary variables was studied among all subjects in a least square linear regression analysis. No significant associations between storage time and U-alb (log) or U-NAG B (log) were observed; however, the U-NAG (log) and U-NAG A (log) correlated significantly with the storage time. The correlation coefficients (Pearson's) were -0-21 (p=002) and -0-34 (p<001) respectively. Spearman's rank correlation on untransformed variables did not change the correlation coefficients substantially (U-NAG; r=-0-18, p=004, U-NAG A; r=-O043, p<0001).
The urine specimens used for the determination of U-NAG had on average been stored for 392 days, and the shortest storage time was 117 days before analysis. Hence, U-NAG and U-NAG A were adjusted (U-NAGad,, U-NAG Aadj) in relation to the urine specimen with the shortest storage time. The adjustments were based on the regression equation calculated in the least square regression analysis. No effect of storage time was found for a-GBM. Table 2 presents U-NAG, U-NAGadj, U-alb, and Table 2 Urinary albumin (U-alb) and N-acetyl-4-Dglucosaminidase (U-NAG), and the concentration of antibodies to the glomerular basement membrane (a-GBM) in serum among 77 subjects previously exposed to Hg vapour and 53 referents a-GBM among all exposed subjects and referents. The U-NAG was significantly higher among the referents compared with the exposed subjects (p=0 047). The difference disappeared when adjusted U-NAGs were used. A statistically significant difference in the variance (Levene's test) of a-GBM was found between the exposed subjects and referents, with CVs of 66% and 37% respectively. Weak antibodies to the glomerular basement membrane detected by indirect immunofluorescence were found in one exposed subject v three referents (not significant, not tabulated). Table 3 gives U-NAG A and U-NAG B among the 30 selected highly exposed subjects and 30 age matched referents. A non-significant higher activity of U-NAG A among the referents was found compared with the exposed subjects, but the difference disappeared when adjusting for storage time.
The 90th percentile among all subjects was selected as the cut off point when analysing the distribution of high U-alb, U-NAG.d*, and a-GBM. Table 4 presents the results. For a-GBM and Ualb, a statistically significant higher prevalence of values exceeding the 90th percentile was found among the exposed subjects compared with the referents. Figure 1 presents the distribution of a-GBM among the exposed subjects and referents. The cut off for U-NAG included two measurements. a-GBM: n=76 exposed subjects.
presents the distribution of a-GBMs related to the number of years since cessation of exposure. Most of the higher concentrations were found among subjects in which exposure had ceased a short time before the study. The relation between a-GBM and time since cessation of exposure was not significant Years since exposure stopped Figure 2 Concentrations of antibodies to the glomerular basement membrane (a-GBM) related to number ofyears since last exposure among 76 chloralkali workers previously exposed to Hg vapour. The solid line marks the 90th percentile among all subjects under study.
however, with Spearman's rank correlation (r=-0-14). The higher U-albs were not related to time since stopping exposure. The exposed subjects with the higher a-GBMs did not differ from the other exposed subjects with regard to current B-Hg or U-Hg, exposure related variables (duration of exposure or cum U-Hg), nor to U-alb and UNAGadj. Exposed subjects exceeding the 90th percentile for U-alb did not differ from the remaining exposed subjects with regard to the exposure related indices nor to a-GBM. They had significantly (p=003) higher U-NAGadj (mean 0 44 (range 0-1-1-4) U/mmol creatinine) compared with the remaining exposed subjects (mean 0-22 (range 0 1-0 5) U/mmol creatinine). Dose-response relations between exposure related indices and U alb(log), U-NAGadj(log), and a-GBM(log) were studied in a least square linear regression analysis among the exposed subjects. Neither current U-Hg, current B-Hg, nor cum UHg (log) were significantly correlated with U-alb (log) or a-GBM (log). Age (Pearson's r=0-37, p=0-001) and cum U-Hg (log) (Pearson's r=0-23, p=0 04) were significantly correlated with UNAGadi (log). Age and cum U-Hg (log) were subsequently used as independent variables in a multiple linear regression analysis to study both variables in the same model. Age was significantly included in the model (p=0-01), whereas cum U-Hg (log) was not. Multiple R was 0 37. The U-NAGadj (log) was also correlated with age among the referents (Pearson's r=0-32, p=0 02).
Discussion
The inclusion criteria for the study were met by 130 previously exposed subjects who were both with and without employment at the time of the investigation. The referents were selected among current employees in the nitrate fertiliser plant, which implies that a selection of generally healthier referents could have occurred. Only seven subjects in the index group were not in active work at the time of examination, and none were excluded due to renal diseases. Seven of the 130 eligible subjects were dead, none of them due to renal diseases. Thus it is not likely that this possible selection has biased the results of the study.
The laboratory that analysed the urine samples between 1948 and 1987 carried out a monthly quality control for most of the period comparing their results with those of external laboratories. Also, more than 2300 individual U-Hg measurements known to the investigators among the 77 exposed subjects were used to estimate previous Hg exposure. Hence, it may be assumed that the estimates of cum U-Hg are valid.
To reduce the day to day variation in the studied urinary indices, they were determined in samples from two consecutive days. The activity of all NAG indices showed a low correlation between the two days, indicating a substantial day to day variability, which has been reported by others.'4 The intraindividual variation in U-NAG may reflect a real biological variation, but may also be due to the urinary environment. The referents were selected later than the exposed subjects. When correcting for the different storage times, U-NAG was similar among the exposed subjects and the referents. An association was found between age and U-NAG, which has also been found by others.'5 When corrected for age no relation was found between U-NAG and the exposure related indices in the present study.
Barregard et al'0 found increased U-NAG when U-Hg exceeded 250 nmol/l. The mean U-Hg in the present study was 531 nmol/l/year, and 54 subjects had a mean U-Hg exceeding 250 nmol/llyear, indicating that the examined subjects have been exposed to concentrations of Hg vapour exceeding the level where increased U-NAG has been found. These findings indicate that the increased U-NAG, as reported in previous studies among workers under ongoing exposure to Hg,'01' 13 in most cases could be a reversible phenomenon. Due to the effect of storage on urinary NAG, however, firm conclusions cannot be drawn. The U-NAG A and U-NAG B did not differ significantly between the two groups under study. To our knowledge, these NAG isoenzymes have not been studied previously among subjects exposed to Hg vapour.
The U-alb was generally low among the participants of the study. A non-significant raised U-alb among the exposed subjects was found, compared with the referents. The prevalence of concentrations exceeding the 90th percentile was also higher among the exposed workers. No relation was found, however, between exposure or time related indices and U-alb. Hence, the results from the present study are in accordance with the view that increased albuminuria among workers under ongoing exposure to Hg vapour68 will at least in most cases normalise after stopping exposure.
The concentration of circulating a-GBM in serum among the exposed subjects was not significantly different from that of the referents. The variance differed significantly, however. The raised prevalence of a-GBM exceeding the 90th percentile were mainly found among the subjects where the exposure had ceased a short time before the examination. This could suggest an immunological response resulting from exposure to Hg vapour, which could be reversible. None of the subjects had a positive a-GBM test, however, according to the cut off value suggested by the manufacturer of the kits. Further, there was no increased prevalence of a-GBM, as determined by indirect immunofluorescence, among exposed subjects compared with the referents.
Experimental studies in animals have shown immunologically mediated glomerulonephritis after exposure to Hg.'6 Mercuric chloride has been shown to induce a-GBM in the Brown-Norway rat. '7 The antibodies deposit along the GBMs in the kidneys.2627 The antibody titre has been shown to decrease spontaneously after a few weeks, even with continued HgCl2 injections. ' In summary, no increased U-NAG, U-NAG A, and U-NAG B were found among former chloralkali workers compared with the referents; nor was the U-alb raised. An increased prevalence of raised a-GBM was found among subjects for whom the exposure had ceased shortly before the study. The 
